Pseudallescheria boydii (anamorph: Scedosporium apiospermum) and S. prolificans can cause severe infections in both the immunocompromized host and accidentally injured people. A species-specific polymerase chain reaction (PCR) enabling detection and discrimination of these fungi has not been available to date. In view of the difficult treatment especially of S. prolificans infections, a PCR-based detection system has been developed. Based on results of partial sequencing of ribosomal DNA, Scedosporium DNA could be amplified, either at the genus or at the species level. Hybridization probes for the identification of the PCR-products were established.
Introduction
even more time. A rapid diagnosis down to the species level is of great importance in order to be able to Pseudallescheria boydii (anamorph: Scedosporium commence therapy as soon as possible. Therefore, we apiospermum) is an important agent of white grain decided to establish a polymerase chain reaction (PCR)-mycetoma [1] and is emerging as an opportunist in detection system which would allow rapid and precise the immunocompromized host [2] or in patients with identification. temporal coma, e.g. after near-drowning [3, 4] . SceThis was done with parts of the ribosomal RNA dosporium prolificans, of which no teleomorph is known, genes. The internally transcribed spacer regions (ITS1 is one of the most harmful opportunistic pathogens in and ITS2), including 5·8S rDNA, were amplified and the immunocompromized host because of its resistance subsequently sequenced using fungal consensus primers to currently used chemotherapeutic agents. . The sequence information was used in a phyloseminated infections by either of the two species are genetic analysis and for the development of PCRfrequently fatal [5] [6] [7] .
primers and hybridization probes for the identification Diagnosis has thus far been based mainly on cultural of Pseudallescheria and Scedosporium. observations, supplemented with physiological parameters [8] . also included because of the Graphium anamorph of P. 
DNA extraction Sequencing
After cultivation, all strains were inactivated by heating for 1 h at 80°C; 50 mg of mycelium (wet weight) was The corresponding PCR-products were purified with the Qiaquick Spin purification Kit (Qiagen, Hilden, ground in 300 l CTAB-buffer (2·42 g Tris, 8·2 g NaCl, 0·74 g Na-EDTA, 2 g CTAB per 100 ml, pH 7·5) and Germany) and subsequently bound to streptavidincoated Dynabeads M-280 (Dynal, Hamburg, Ger-40-100 mg Silicagel-100 using a plastic pestle for 2 min. Subsequently, 200 l CTAB-buffer was added and the many). Single-strand isolations were performed following the manufacturer's instructions. DNA was samples were incubated for 10 min at 65°C. Proteins were removed by phenol extraction. RNA was degraded sequenced by the dideoxy method using the T7 Sequencing Kit (Pharmacia, Freiburg, Germany), 35 Sby adding 5 l RNase A (1 mg ml -1 ) and incubation for 15 min at room temperature. DNA was ethanollabelled dATP (Amersham/Buchler, Braunschweig, Germany), and one of the following primers: ITS2, precipitated for several hours and sedimented by centrifugation for 15 min at 10 000 g. The resulting pellet ITS3, ITS4, and ITS5 [10] . Phylogenetic analysis was performed using the computer programs   was washed with 70% ethanol and resuspended in a final volume of 50 l H 2 O. and parts of the  software package [11, 12] .
PCR-detection of Scedosporium/Pseudallescheria PCR-amplification of Scedosporium rDNA
Samples were processed as described above. Primer BRibosomal DNA was amplified by PCR with the primer pair NS7/ITS6 [10] using NS7 biotinylated. Reactions NS7 was used in combination with Scedo1, Pbo1 or Spro2. PCR-conditions were the following: nuclear were performed in 20 l volumes using a FTS-4000 thermocycler (Corbett, Australia) containing 10-100 ng DNA was initially denatured by heating at 94°C for 3 min. First, primer annealing was performed at the of DNA, 10 pmol of each primer, and 0·15 U Taqpolymerase (Labofur, Switzerland). PCR-reactions primer-specific temperature (T an , see Table 2 ) for 30 s. Subsequently, 35 cycles were performed with 72°C for started with an initial denaturation for 1 min at 94°C. Subsequently, annealing of the primer pair B-NS7/ITS6 30 s, 94°C for 10 s, and primer annealing at T an for 10 s. Final elongation was done at 72°C for 5 min. was performed at 55°C for 1 min. After incubation at 5′-CCT ACG GCG GTC AGA TGA CAA-3′ 65°C
T hyb Pbo2 5′-GGG GTC GCG AAG ACT CG-3′ 42°C Spro3 5′-ACG GCG GTC AGA TGA CAA-3′ 56°C
T an : annealing temperature when used for PCR in combination with B-NS7; T hyb : hybridization temperature when used as a hybridization probe.
Southern-blot analysis
angusta and P. ellipsoidea. G. tectonae was found at a more-or-less equal distance to both clusters. Gel electrophoresis was performed by loading PCRThree of the oligonucleotides listed in Table 2 were samples onto 1% SeaKem LE-agarose (Biozyme, Hess used as PCR-primers in combination with primer BOldendorf, Germany) using a 100-bp ladder as a stand-NS7. The amplicon B-NS7/Scedo1 (Fig. 3) (Table 2) . S. prolificans did Table 2 ). Hybridizations were performed in 20 ml show amplification using the primer pair B-NS7/Spro2 Rapid-hyb buffer (Amersham/Buchler, Braunschweig, (Fig. 4A, lanes 2-5) . No other Scedosporium or PseudGermany) for 2 h. allescheria species yielded a PCR-product (lanes 6-16). Thus primer Spro2 enables a specific PCR-based detection of S. prolificans. All strains of P. boydii were amplified using the primer pair B-NS7/Pbo1 (Fig. 4B ,
Results
lanes 6-8, 11-13, and 16), as well as P. angusta (lane The primer pair B-NS7/ITS6 gave rise to amplicons of 10) and P. ellipsoidea (lane 14). These species were ≈ 1150 bp which cover the ITS1, 5·8S rDNA and shown to have ITS spacer sequences similar to those the ITS2 regions. These amplicons were subsequently of P. boydii. S. prolificans (lanes 2-5), P. africana (lane sequenced using the primers ITS2, ITS3, ITS4 and 9) and G. tectonae (lane 15) were not amplified by these ITS5, respectively. Sequences are shown in Fig. 1 . The primers. analysed strains deviate maximally 20% from the type
The nature of the PCR-products generated with Bstrain of S. prolificans. Oligonucleotides specific for the NS7/Scedo1 was verified with Southern-blot hyPseudallescheria/Scedosporium complex were selected bridization. With Spro3, only the amplicons of S. profrom the ITS2 region as indicated in Fig. 1 . Their lificans (lanes 2-5 in Fig. 3) were detected (Fig. 5A , sequences are listed in Table 2. lanes 1-4), whereas Pbo2 (Fig. 5B ) hybridized to all P. An unrooted tree of the ITS2 region, which is more boydii-derived amplicons (lanes 6-12 from Fig. 3 , in variable than ITS1 and 5·8S rDNA, is shown in Fig. 2 . Fig. 5B lanes 5-11) . In addition, signals were obtained All strains of S. prolificans, including the type strain for P. angusta (lane 13) and for P. ellipsoidea (lane 14) whose sequence was published elsewhere [14], were but not for P. africana (lane 12), G. tectonae (lane 15) found to be closely related. P. africana was the next and S. prolificans (lanes 1-4) . The same control DNAs closely related species. A second cluster comprised all as described in Fig. 3 were included in these hystrains of P. boydii/S. apiospermum. Within this cluster bridizations. No detectable signal was obtained using Spro3 or using Pbo2 (data not shown). are two other Pseudallescheria species, namely P. Table 1 . Double arrows mark the positions of the ITS1, 5·8S rDNA and ITS2 regions, respectively. Stars indicate identical nucleotides and dashes were introduced to fill gaps. Blanks point out parts which were not sequenced. The alignment was performed by ' ' and subsequent editing. Unrooted tree based on the ITS2 region of analysed using the primer pair B-NS7/Pbo1. Lane 1 shows a 100 bp-ladder strains. The tree was generated by the application 'draw tree' from (M). Genomic DNAs used for amplification as follows: S. the  software package. Strain origin as listed in Table 1 .
prolificans The sequences of all strains of P. boydii (anamorph: S. apiospermum) were found to be highly similar. P. variable ITS2 region, they clustered with P. boydii. This result fits in well with those of the experiments shown Tö rö k for offering strains of clinically well-documented infections and to Roslin Bensmann for checking the in Figs 4 and 5, as both species were amplified and gave hybridization results, respectively, in the same way English. as P. boydii. Thus they may be reduced to synonymy. However, this conclusion is only preliminary and
